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Introduction 

Individualized Science (IS) , an elementary-school science program being 
developed by the Learning Research and Development Center at the University 
of Pittsburgh, is the only individualized elementary-school science program 
presently under development in the United States. IS is a complete program 
designed to serve children in present school grades. K through 8. 

There are ten levels in the IS program, each of which consists of appim- 
imately one year's work in science. The science content of IS is drawn from 
both the biological and the physical sciences. One unique aspect of the program 
is its emphasis on the cultural aspects of science and the interactions cf 
science and society. IS is a comprehensively individualized elementary-school 
science program • Not only does IS provide mechanisms for a child to help plan 
his or her science activities, to manage his or her own instructional materials, 
and to take part in the assessment of his or her learning, but it also provides 
opportunities for the child to make selections from among alternative learning 
resources and from among alternative units of study, 

IS represents a second generation effort on -the part of -the Learning 
Research rj^nd Developjiient Center to develop individualized learning systems for 
use in elementary schools. The Center *s earlier efforts followed a pretest- 
prescription-posttcst model of individualization and resulted in the develop- 
ment of Individually Prescribed Instruction (IPI) systems in elementary school 



mathematics and reading. Our efforts have modified and elaborated on the IPI 
model, but have remained remarkably consistent with the philosophy of individ- 
uaUzation espoused by the originators of IPI.^ 

For tlie purpose of analysis, we view the IS program's learning system as 
a science curriculum closely integrated with an individualized-learning manage- 
ment system. The science content and science learning goals of the curriculum 
reflect our view that an elementary-school science program should be multi- 
faceted. The individualized-learning management system reflects our belief that 
a child can be taught to be responsible for his or her own learning. In this 
paper we shall examine the theoretical basis for our model of individualization 
'and describe the IS individualized-learning management system, which is an 
operational realization of the model. 

IS Model cf Indiv i du a 1 izati on 

2 

Individualization occurs when the learning environment is adaptive, 
and, conversely, an adaptive learning environment is one which has the capability 
of matching instruction to various characteristics of individual learners. 
Several important characteristics in which individual learners differ are 
noted in the top portion of tlie accompanying Table 1. The relationship between 



Insert Table 1 about here. 



each of these characteristics and the learning environment may be. brief ly 
reviewed. 
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Student Characteristics Rel^.ted to Learning. 

Intelligence is a measure of individual difference wliich was operationally 

3 

defined to predict success in scliool. However, as Glascr suggested, the aim 

of intelligence tests was to predict scholastic success in an essentially fixed 

4 

educational mode. Carroll has noted that intelligence measures do little more 
than predict the rate at which a child will learn. Thus, for a learning environ- 
ment to be adaptive with respect to intelligence, it would seem to require at 
least two essential elements: first, it would provide the child with a variety 
of materials which utilize different insti*uctional strategies; second, it would 
provide a management mechanism which allows the child to devote as much time as 
is ne1:essary to master learning objectives, • 

Children come to any learning environment with different amounts and 
kinds of acquired knowledge. An environment where a child must *'work through*' 
instructional materials which are designed to teach the child skills or infor- 
mation he or she already knows is wasteful of the child*s time and may have 
negative effects on the child. It is a relatively simple matter to pretest 
children for the skills and knowledge they have already acquired and then to 
design their learning plans on the basis of going on from there to subsequent 
learnings or other interests. An instructional system that has specified a 
set of desired learning outcomes can become adaptive to an individual's needs 
with respect to acquired knowledge by identifying those learning outcomes in 
which the child is proficient and providing him or her only with the instruc- 
tion required to attain those outcomes in which proficiency has not been 
demonstrated. 
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The work of Jean Piaget demonstrates that the cojgnitive development oif 

children proceeds sequentially through definable stages • Moreover, the kinds 

of logical reasoning available to th3 child are directly related to this develop- 
S 

ment. The consequence of the child's level of cognitive development for the 
learning environment can be viewed in two ways: either instruction should be 
strictly adapted td a child's level of cognitive development, or instruction 
should be provided which will systematically influence the process of cognitive 
development. Like intelligence and cognitive style, cognitive development is 
an aspect of the individual's aptitude for learning. Research suggests that the* 
learning environment can be made adaptive td individual differences in. each of. 
these aptitudes., either by adapting instruction to differences in aptitude or by 
consciously modifying aptitude. While the implications of research are clear., 
the mechanisms by which the learning environment can be made adaptive to the 
individual's cognitive development have only begun to be explored. The case 
is clearer, as we have seen, for acquired knowledge, a characteristic in which 
individuals differ that is more easily understood and for which the mechanisms 
for making the learning environment adaptive are well known. 

6 7 * 

The research of Cohen, Kagan and Kagan, and others provides evidence 

that certain personality and cultural differences in individual children 
profoundly =iffect their success in school. These diverse personality and 
cultural factors have been lumped together under the general rubric of cognitive 
style. The research which relates cognitive style to school success suggests 
that, when personality factors ( e.g. , reflection, impulsivity) or cultural 
factors ( e.g. , immediate vs. delayed rewards) are not congruent with the 
learning environment of the school, child fail. In consequence, two possible 
routes arc suggested to ensure every child's success: either the learning 
O environment must allow for the success of children with differing cognitive 

ERIC 



5 

styles, or the opportunity raust exist within the instructional system to modify 
the child's cognitive style. However, as in the case of cognitive development, 
the mechanisms for adapting the learning environment through either possible 
route to individual differences in cognitive style are just beginning to be 
explored. 

That individuals differ in interests is widely recognized, and the extent 
to which learning environments can be made adaptive to individual differences 
in interests has only practical limitations. The most important learnings 
are not factual and, therefore, can be imparted in almost any context. The 
adaptive learning environment is one which capitalizes on interests the child 
currently holds while systematically exposing him or her to possible new areas 
of interest. 

A child's attitude toward scliool is both Influenced by and influences his 

S 

or her success in school. Thus, any mechanisms which increase the probability 
that a child will be successful in his or her school work will in turn increase 
the probability of future success, A child's attitude toward school can also 
be improved if tlie child understands the instructional system and feels a sense 
of participation and control in the process of learning. As a first approx- 
imation toward the development of positive attitudes toward learninj^, it would 
seem wise to teach the child how the instructional system functions and to give 
him or her a sense of participation in the decision-making within the system, 
rather than, to immerse the child in a vaguely defined system in which his or 
her academic success is dependent solely upon meeting the standards of perfor- 
mance and knowledge mete J out through subject-matter instruction. 
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Dimensions of Learning* Environment • 

Intelligence, acquired knowledge, cognitive development, cognitive style, 
interests, and attitudes are some of the learner characteristics to which the 
learning environment must be made adaptive. A learning environment has many 
identifiable dimensions, and there are many possible variations within each of 
the dimensions. Anyone desiring to create an adaptive or individualized learning 
environment has a dual task: first, to identify the crucial dimensions of the 
learning environment; second, to provide the learner witli as many variations 
within each of the dimensions a? possible. , . , - 

The lower portion of Table 1 identifies nine dimensions of the learning 
environment and several possible variations within each dimension that are . 
available to the designer of the learning environment — be the designer a tejacher 
or a curriculum developer. The hallmark of a learning environment adapted to 
individual learners is that its designer has utilized as many of the variations 
within each dimension as can possibly be accommodated. In general, a learning 
environment that focuses exclusively on only one variation in a dimension, or 
an environment that utilizes just one variation for any great length of time, 
is not adapting to individual differences in learners. Good teachers have long 
known this and have shifted their focus accordingly. Ke may also note that 
for the first four dimensions in Table 1 (Learning Goals, Instructional 
Materials, Instructional Unit, Setting), the variation at the left of the chart 
indicates a learning environment that is not likely to be adaptive. 

In developing the IS program, we have attempted in a multitude of ways to 
provide variations within the dimensions of the learning environment that will 
be good matches to the differing characteristics of individual learners. To 
accomplish this, we had need of a sufficiently powerful mechanism that would be 

ERIC 



7 



both practical and usable ii: real schools. The mechanism that provides the 
desired variations in the dimensions of the learning environment, that makes 
the IS learning environment adaptive to individual learners, are the program's 
learning resources. 

Learning Resources 

A learning resource in IS is any material or procedure designed to aid the 
student in his or her attainment of any of the goals of the program. Five 
goals have been specified for the IS program. These goals are listed in Table 2, 



Insert Table 2 about here. 



and a brief explication of each goal is given in Appendix A. Three of the 
program's goals are related to science content learning and two are related to 
the student's management and evaluation of his or her own science leax-ning. 
Each of the five goals is subdivided into level competencies and the science 
subject matter learnings are specified in unit behavioral objectives. The 
analysis of goals into competencies and behavioral objectives has guided the 
development of the learning resources of IS that define the program's learning 
environment. 

The many learning resources of IS differ in function, components, instruc- 
tional strategy, primary sense modality, and the social setting in which they 
are used, (See Appendix 13 for descriptions of the learning resources.) For 
example, the function of the learning resource called an ^'Individual Lesson'* is 
to impart information to the student. The information may be about science 
content or it may describe to the student how to plan his or her learning in a 
unit. Information is imparted to the learner by means of ah illustrated lesson 



booklet with an optional read-alonp, tape.' 'The student may read the . lesson • • 
booklet, read the lesson booklet text along with the audiotape, or just listen 
to the tape and look at the pictures • Lessons devoted to science content 
usually include a kit of manipulative materials, Tlie instructional strategies 
of the Individual Lessons are didactic and guided discovery. The social setting 
in which Individual Lessons are used is not adequately described by the name, 
of this learning resource: while the Individual Lessons are designed to be 
used by an individual, students often engage in them together with other student 

Individual Lessons are only one of the many learning resources of IS, 
A large variety of learning resources is necessary to create a learning environ- 
ment that provides instruction toward the attainment of the several IS goals 
and is, at the same time, adaptive to the individual 'differences of learners. 
Table 3 lists the names of the various learning resources of the IS program 



Insert Table 3 about here. 



and relates each learning resource to the goal or goals it is designed to aid 
the learner in attaining. Every learning resource does not contribute to the 
student's attainment of all the goals. In Table 3, an X under a goal on the 
line across from the name of a learning resource indicates that this resource 
provides a significant part of the instruction or is an important mechanism in 
the learner's attainment of the goal. 

Ke have noted that the IS learning resources create a learning environment 
adaptive to individual differences in learners. Thus, the learning resources 
not only contribute to the student's attainment of the goals of IS, as just 
described, but they also are the mechanism through which the IS learning environ 
ment is made adaptive to various charasteristics of individual learners. 
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Adaptiveness to Intelligence and Interests 

The existence of many learning resources that are almost all des. ,ned for 
rather short-term use makes it possible for every student in IS to be engaged 
in a different activity at any given time. In effect, each student can design 
and follow a unique learning plan, lliis flexibility allows each student to 
progress at his or her own rate, and thereby provides an adaptive learning 
environment for students who differ in intelligence. But, for the gain of this 
form of adaptiveness, there is a price. If we are serious in our assertion 
that eacli student may progress according to his or her own rate, we must be 
ready to allow for variation in different individuals' attainments of the goals 
of IS. It is our view that only minimum competencies for all students ai^e 
defined by the goals; beyond that minimum, the rate of learning and interests 
of the student will define his or her individual goals. 

Applying this view to the Scientific Literacy goal of IS, we expect that 
every student will demonstrate a minimum competency, which is defined by the 
behavioral objectives for the mainstream units that are required for all 
students at each level of the program. Recognizing, however, that students 
differ with respect to interests and rate of learning, the IS program offers the 
student opportunities to select various alternative pathway units which may 
interest him or her and allows different students to complete varying numbers 
of these optional units within a level. We do expect each student to become 
acquainted with what the science content of all the alternative pathway units 
is by completing a unit overview, but beyond that exploration to enlarge 
interests, the student decides whether or not to work in any alte.:native path- 
way unit and the objectives that he or she attains there are the student's 
choice. 
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Adaptiveness to Aspects of Cognitive Style 

One aspect of cognitive style is probably related to a student's prefer- 
ences for the social setting in which his or her learning takes place. This 
aspect of individual differences is directly related to the environmental 
dimension we have labeled "instructional unit'' (see Table 1). Some students 
learn best interacting alone with instructional materials, others are happier 
interacting on a one to one basis with a peer or the teacher, still others 
function best in a small group setting. The type of instructional unit has 
implications not only for adapting to differences in cognitive style but also 
for the kinds of learning that take place. 

For some kinds of learning to take place, * either one to one or group 
interactions are necessary. Some learning resources of the IS program are 
designed to be done by individuals. Individual Lessons, Readings in Science, 
and certain Studenc Activities are examples of such resources. Other 
Student Activities are designed to be done by two or more students together as 
are Miniature Explorations and Student Seminars. Student Conferences are 
planned one-to-one interactions between the student and the teacher, and 
Directed Group Activities are structured interactions between one or more 
students and the teacher. These examples illustrate how the availability of 
learning resources which utilize various types of instructional units is a means 
of providing the interactions necessary for various kinds of learning to occur, 
as well as providing a learning environment adaptive to an individual difference 
among learners. 

Another aspect of cognitive style relates to the strategy used in defining 
problems and suggesting possible solutions to the student. Some students seen 
to prefer to have problems defined for them and to be told how to solve them, 
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while others prefer to be led to the solution of a program-dcfincd problem 
through the strategy of guided discovery. Other students, whose cognitive 
style is less convergent, would prefer to use an inquiry approach and to 
define and explore problems of their own* The three types of strategies which 
different learners prefer correspond with the three levels of inquiry instruc- 
tion that are available to a teacher or curriculum developer Several 
learning resources of IS, such as Miniature Explorations, Student Activities, 
and Self-Initiated Independent Activities, provide students with opportunities 
to experience all three levels of inquiry instruction at various times and with 
different science subject matter. 

In the foregoing discussion, we have illustrated some ways in which the 
learning resources of the IS program provide the learner with an adaptive 
learning environment where he or she can attain the program's goals. We are 
aware, of course, that the illustrations we've given do not exhaust the topic, 
but they must of necessity suffice here as we conclude our presentation of the 
IS model of individualization and turn to its operational realization in a 
classroom of thirty or more students. To operationalize the IS model of individ- 
ualization, we have developed an individualized-leaming management system. 

IS Individualized-Learning Management System 

A learning management system is a practical necessity for an individualized 
science curriculum which utilizes many different kinds of materials* The 
materials management problem becomes real when one considers the number and 
variety of materials used in the IS program. Printed materials include: 
booklets for each Individual Lesson, Invitation to Explore, Reading in Science 
and MinLx; Student Activity cards; answer sheets for each Individual. Lesson, 
various worksheets; Planning Booklets for each unit, "Hpw to . • booklets, 

O 
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and Keys Books for each level* • There are many kinds of manipulative materials, 

some of which are contained in kit boxes, others in a central supply area. All 

activities with a large amount of printed materials to be reacl by the student 

12 

have read-along audiotapes. 

Materials management is only a part of the overall management system. 
Individual learning plans must be designed. Students in IS progress at dif- 
ferent rates, engage in different learning activities , and follow different 
learning sequences. Students have different interests and have opportunities to 
make choices from among available learning resources and alternative pathway 
units of study. Learning plans for each student have to be made and recorded, 
and the student's progress through his or her plan lieeds to be documented. 
Materials have to be managed, learning plans formulated, and progress evaluated- 
for individual learners. Clearly, the total management task is too great for 
the teacher alone. 

13 

Each learner must be and we believe should be, actively engaged in all 
facets of his or her individualized- learning management. For this to happen 
two conditions must prevail: first, the learner must be taught how to manage 
his or her own learning; and, second, provisions must be made to increase 
systematically the responsibility taken by thie learner for his or her own 
learning. Mechanisms which assure that both these conditions prevail are built 
into the IS individualized-leaming management system. A discussion of these 
mechanisms will be more meaningful if the reader is familiar with the specific 
procedures of the management system. We shall set this discussion in the 
context of describing a student's (Karen) progress through a Level E mainstream 
unit, througli a Level E alternative pathway unit, and into Level F from Level H . 
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Level E of IS is composed of six units, Tiiree are mainstream units and 
are required for all students. Three arc alternative pathway units from which 
a student may elect to take none, one, two or all three. The names and science 
topics of the Level E units are: 

L evel E Units 

JOULE (energy) 
BEAUMONT (digestion) 
VOIT (nutrition) 

VOLTA (electricity) 
ARCHIMEDES (machines) 
LINNAEUS (plant growth) 

During a Student-Teacher Conference, Karen's teacher briefly described the 
science content of the Level E units to her and told Karen that she could 
choose to start her Level E work in any one of the units. 

Individualized Learning in a Mainstream Unit 

Karen decided to begin her study in Level E with the mainstream Joule 
Unit. Her teaclier gave Karen a Joule Planning Booklet and checked with Karen 
to see if she was clear about what to do next. Karen knew that she should fill 
in the heading on her Planning Booklet and then do Joule Lesson 1, which describes 
tlie science content of the Joule Unit and contains the Joule Unit Placement 
Test. When Karen got to the part of the lesson containing the placement test, 
she was informed that she should first read through the entire placement test 
and then decide whether or not to take the placement test. 

After reading over the placement test, Karen decided that she already knew 
the answers to some of the questions, so she took the placement test. She 
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wrote answers for those questions she thought she knew something about and 
wrote don't know" for those shu knew she didnH know about. When she was 
finished, Karen got the E Keys Book and compared her answers on the placement 
test with the answers in the 1: Keys Book, Then Karen analyzed her placement 
test results by following the directions given in Joule Lesson 2, Her analysis 
of the placement test told her vhich parts of the science content of the Joule 
Unit she should study. The analysis is made possible by having questions on 
the placement test keyed to the content of the Joule lessons. Thus, for example., 
Karen knew she should study the science content of Joule Lesson 4, because she 
could not answer questions 3 and 4 on the Joule Unit Placement Test* 

Having determined which science content she already knew and which she 
should study, Karen's next task was to formulate her learning plan,^^ She was 
aided in this task by directions from the lesson booklet for Joule Lesson 2 and 
by information from her Planning Booklet. Various kinds of learning resources 
are available to help the student learn a single concept. These are grouped 
together on the Planning Booklet under a descriptive title. For example, 
learning resources available in the Joule Unit, about the concept of different 
forms of energy include an Individual Lesson, a Directed Group Activity, several 
Miniature Explorations, Student Activities, and Readings in Science. This 
information is provided to Karen on her Planning Booklet in the way shown in 
Figure 1. 

Insert Figure 1 about here. 



* Karen decided which activities she would do and the order in which she 
would do them, and she indicated this plan on her Planning Booklet. She 
then discussed her plan with her teacher in a Student --Teacher Conference. In 
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the course of this conference, the original learning plan may be modified, 
but once the plan is satisfactory both to Karen and her teacher, Karen begins 
work. Karen's Planning Booklet has a record of her conferences with her teacher, 
her score on the placement test, and her learning plan. 

The science content lessons of the unit give the unit its basic structure, 
and every student generally does those content lessons he chooses to do in a 
specified order. The uniqueness of the learning plans of individual students 
is a result of the operation of two factors. First, every student does not 
necessarily take all 'the content lessons in the unit, but only those he or she 
is required or has chosen to do. The student's performance on the placement 
test peif^its the student to identify those lessons that he or she may choose to 
omit if mastery of the corresponding content has been demonstrated. The second 
and more important factor is that the various other learning resources can be 
integrated in many diverse ways with the content lesson sequence. Consequently, 
any two Students in IS will rarely have exactly the same learning plans. That 
is what we would expect, of course, in a genuine process of individualized 
learning. 

Since all students studying a given science concept will take the content 
lesson associated with that concept, the systematic assessment of concept 
attainment has been made a part of the lessons. Thus, when Karen completes 
Joule Lesson 4, for example, she also will have completed a Check Up, a short 
diagnostic test, on the science content of the lesson. Karen corrects this 
Clieck Up herself using the E Keys Book, and she uses the score on the Check Up 
to decide if she should go on to study another science concept or if she should 
do some further activities involving the concept that she is currently workinji 
with. Karen gets help in making this decision from the assessment box printed 
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at the end of the answer sheet for the lesson. In. the upper part of the assess- 
ment box, Karen circles the number corresponding to the score she made on the ■ 
Check Up, and below the circled number she reads the suggestions to the student 
for future action. Once Karen has decided on a plan for her next activity, 
based on the assessment box^s suggestion matched to her Check Up score, she 
discusses the plan with her teacher. When Karen had completed all the activities 
in her full personal learning plan for the Joule Unit to her and her teacher's 
satisfaction, Karen took the Joule Unit Posttest. Karen and her teacher discussed 

her performance on the posttest, and decided that Karen *s performance was 

17 

satisfactory and that she was ready to choose her next unit of study. 

Individualized Learning in an Alternative Pathway Unit 

Karen wanted to do an alternative pathway unit next, so her teacher 
briefly reviewed for Tier the science content of the three Level E alternative 
pathway units. Karen thought that both the Volta and Archimedes units were 
interesting, so she did the Unit Overviews for both of them. The Unit Overviews 
provided her with sufficient information about the content of the units to make 
an informed decision about the one in which she would work. Having made the 
decision to work in the Archimedes Unit, Karen began to look through the unit's 
Invitation to Explore (ITE's). Each alternative pathway unit has two or r.ore 
ITt's, which contain instruction in aspects of the unit's science topic and 
suggest activities that the student can do to learn more about the topic. 

To devise her learning plan. for the Archimedes Unit,. Karen selected those 
ITE's she wculd read carefully, the suggested activities she wanted to try in 
the ITE's, and other learning resources in the unit that looked interesting. 
After making these decisions p Karen wrote out a learning plan outline indicating 
the he's she had selected and, for one ITE, listing the activities and associated 
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learning resources she would complete. At a student-teacher conference Karen 
and her teacher discussed her learjung plan, and Karen made some modifications 
in the plan persuant to her teacher *s suggestions. Then Karen began work on her 
Archimedes Unit learning plan. Karen had several conferences with her teacher 
during her work in this alternative pathway unit. During these conferences 
Karen and her teacher discussed the science content of the ITE's, co-evaluated 
Karen •s accomplishments in each selected ITE, and updated Karen's learning plan. 
Karen's work in the Archimedes Unit was considered complete when Karen's 
learning plan had been carried out to the satisfaction of Karen and her teacher* 

Following her completion of the Archimedes Unit, Karen decided to return 
to the mainstream units of Level E. She next worked in the Beaumont Unit and 
finally in the Voit Unit. Ulien Karen had completed four Level E units, she and 
her teacher compared Kare'/i's competencies with those delineated for Level E, 
as listed in the IS Teacher's Manual. The teacher and Karen agreed that Karen 
had sufficiently demonstrated the competencies expected of a student who is 
completing Level E, and that she could begin to work in Level F of IS. 

Learning to Manage Learning 

Our account of Karen's route in individualized learning has illustrated 
how the student in Level E of IS participates actively in the planning and 
assessment of liis or her own learning. Tlie student working in this level also 
has complete responsibility for obtaining all the materials that are needed in 
using every learning resource and for returning the materials to their proper 
places when finished with them. The mechanisms and procedures used in IS for 
managing materials, devising and documenting learning plans, and assessing each 
individual's progress are basically the saa»e throughout Levels A through E. 
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The teacher and the student share the responsibility for carrying out the 
necessary procedures. In the lower levels of the program, the learner takes 
major responsibility for materials management, and the teacher takes major 
responsibility for planning, recording and assessment of progress. Gradually 
and under the teacher *s guidance, the student takes more and more responsibility 
for the planning and assessment of his or her own learning. 

The learning of the skills involved in managing materials, planning 

learning, and assessing progress is not left to chance. Students entering 

Level A or B of IS are taught the basic skills of materials management in the 
18 

Start Unit* In this unit, the student learns how to use his or her Planning 

Sheet to determine which activity is to be done and. what materials are needed 

to do the activity. The student learns to match the activity's name and number 

that are printed on the Planning Sheet with the corresponding name and number 

appearing on labels on printed instructional materials, kits, and tapes. As a 

result, by the time the student completes the Start Unit, he or she is able to 

collect all the correct materials and proceed with the activity. Students are 

also skillful in the use of the tape player after participation in the Start 

Unit. The skills involved in making choices from among available learning 

resources and in comparing answers to Check Ups with answers in the Keys books 

19 

are taught in Levels A and B of the program. In Level C, the student checks 
his own answers on the placement test and learns how the placement test results 
are used in helping to determine which science content lessons he or she should 
study in the unit. The student also takes on more responsibility for keeping a 
record of his or her progress. In Level D, the first alternative pathway unit 
is introduced and the student has an opportunity to make a major long-term 
choice for his or her individual learning plan. In ways such rs these, students 
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are taught systematically, unit by unit, and level by level, to take more and 
more responsibility for the management of their individualized learning. 

We have found that students in the IS program need to be reminded 
periodically of their responsibilities in managing thdir own learning. To fill 
this need, several "How to . . booklets and sheets were developed to which 
students can be referred whenever necessary. These periodic reminders have 
combined with the systematic identification of and deliberate instruction in 
self-direction and co-evaluation skills to produce a pervading mechanism for 
developing in students the competencies necessary to operate successfully in 
an adaptive learning environment. The individual ized-learning management 
system, which pervades the entire IS program and is integrated with the IS 
science curriculum, is our meians of making operational the IS model of individ- 
ualization in the real world of today's schools. 

Our approach to individualized learning has be«n largely a pragmatic one, 

as we have sought to create a learning environment adaptive to certain individual 

20 

differences of learners. Our formative evaluation has demonstrated that 
students are capable of managing their individualized learning in the manner 
we have defined for the IS program. The individualized-learning management 
system is economically feasible and can be used successfully by elementary- 
school teachers with different personalities and teaching styles. The summative 
evaluation of the IS program will determine the extent to which the attention 
we have given to individual differences in learners and the means we have used 
in attending to these individual differences influence a student's learning of 
science and his or her long-term attitudes toward the learning process. 
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Footnotes 

1 The philosophy of individualization underlying IPI has been described in 
numerous places at various times. For example, see: John 0. liolvin and 
Robert Glascr, '^Developmental Aspects of Individually Prescribed Instruc- 
tion," Audiovisual Instruction > 1968, 13, 828-831; Robert (Jlaser, ''Adapting 
the Elementary School Curriculum to Individual Performance,*' In Proceedings 
of the 1967 Invitational Conference on Testing Problems (Princeton: Educa- 
tional Testing Service, 1968), pp. 3--36; John 0. Bolvin and Robert Glaser, 
"Individualized Instruction," In D. W. Allen and E. Seifman (cds.). The 
Teacher's Handbook (Glenview, 111.: Scott, Foresman, 1971), pp. 271-279. 

2 The term "adaptive education" has been introduced rather recently into 
discussions of the philosophy of individualization. For us, the meaning 
of "adaptive" accords with its usage in Robert Glaser, "Individuals and 
Learning: The Ne\y Aptitudes," Educational Researcher , June 1972, pp. 5-13. 

3 Robert Glascr, op* cit. , p. 7. * 

4 John B. Carroll, "A Model c^jf School Learning," Teach ors College Record , 
1963, 64, 723-733. 

5 Piaget's ideas are explicated in various ways throughout his voluminous 
writings. A thorough account of the child's cognitive development is 
given in Jean Piaget and Bernice Inheldcr, The Growth of Logical Thinking 
from Cliil dhood through Adolescence (New York: Basic Books, 19S8) . In the 
sizable secondary literature that seeks to explain Piaget's ideas, one 
work that we like is John H. Flavell, The Developmental Psychology of 
Jean Piage t (Princeton: Van Nostrand, 1963)~^ 

6 Rosalie Cohen, "The Relationship between Socio-Conceptual Styles and 
Orientation to School Requirements, Sociology of Education , 1968, 4 1 , 
201-220. 

7 Jerome Kagan and N. Kagan, "Individual Variation in Cognitive Processes,'* 
In P. 11. Mussen (ed.), Carmichael's Manua l of Child Psychology, Volume I , 
3rd ed. (New York: Wiley, 1970), pp. 1273-1365. 

8 Tliough the interplay between students' attitudes and their school success 
is generally recognized and accepted by most teachers, the empirical 
research findings on the relationship between attitude and achievement are 
not so clear-cut. Representative research findings may be found in: 

W. H. Iloltzman and U. F. Brown, "Evaluating the Study Habits and Attitudes 
of High School Students," Journal of Educational Psychology , 1968, 5£, 404- 
409; S. B. Khan, "Affective Correlates of Academic Achievement," Journal 
of Educational Psychology , 1969, 60, 216*222. 

9 Richard de Charms, "Personal Causation Training in the Schools," Journal 
of Applied Social Psychology , 1972, 2^, 95-113. 

10 The function, components, instructional strategy, primary sense modality . 
and social setting for each learning resource are described in appendix B. 
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11 The notion o£ level of inquiry is discussed and illustrated in Marshall 
D. Huron, *'The Nature of Scientific Enquiry/' School Review , 1969, 79, 
171-212. 

12 In levels A and 6 Individual Lessons are all tape-directed. The lesson 
booklets at these levels do not contain text for the student to read. 

13 Our stance in this regard is both philosophical and based on research. 
There is strong evidence that when an individual feels in control of a 
situation he or she functions more effectively. See, for example, 

de ChanAs, loc. cit . ; and Richard de Charms, Personal Causation (New York: 
Academic Press, 1968} • 

14 Level E was chosen for this illustration because it is the highest" level 
of the IS program for which the management system has been field tested 
and varified. Moreover, an illustration based on Level E exemplifies the 
maximum degree of student responsibility for management we have thus far 
defined and demonstrated to be functional . 

15 Had Karen elected not to take the placement test, she would .simply .do all 
the Joule Unit science content lessons and selected related learning 
resources . 

16 Karen can do* any activity in the unit that she wants to, even if her 
performance on the placement test indicates that she already knows the 
concept covered by a particular activity, 

17 If a student's performance on the posttest indicates that he or she has 
not satisfactorily learned the concepts tested, the posttest answers are 
analyzed and the student does further work in learning resources that 
will aid the student in attaining those concepts not adequately learned. 

18 The Start Unit also assesses the student *s competence in several academic 
skills considered Jjrerequisites for the student •s successful work in the 
IS program. For students entering upper levels of IS, the Launch Unit, 
corresponding in purpose with the Start Unit, is available. The Launch 
Unit teaches the basic skills of materials management taught in the Start 
Unit and Levels A and B, so that students beginning the program at Level C 
or above will be as familiar with these skills as students who have followed 
the IS route from the Start Unit on and through Levels A and B. The Launch 
Unit also provides instruction in certain basic science concepts taught 

in Levels A and B. 

19 The brief descriptions here of the skills related to managing learning that 
the student learns in various IS levels are only illustrative, rather than 
exhaustive. Appendix C contains a complete list of the student competencies 
related to self-direction and co-evaluation for Levels A through E of IS^ 

20 Our particular perspective on formative evaluation and our views on the 
distinction between formative and summative evaluation are discussed in 
Audrey U. Champagne and Leopold E. Klopfcr, **Formativc Evaluation in Science 
Curriculum Development,*' Journal of Research in Science Teaching , 1974, 11^, 
(in press). 
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A proper suimnative evaluation can be carried out only after a substantial 
portion of the IS program is in fairly widespread use in a variety of 
schools. This is now beginning to happen, with a published commercial 
version of IS Levels A through C available as we write • For the school 
year 1974-75, the commercial version of Levels D and E will be published. 
The publisher of the IS program is Imperial International Learning 
Corp,, Kankakee, IIU 
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Table 2 

GOALS OF INDIVIDUALIZED SCIENCE 

SCIENTIFIC LITERACY GOAL 

The student acquires a foundation for scientific literacy. 

STUDENT SELF -DIRECTION GOAL 

The student views the learning process as primarily self- 
directed and self-initiated. 

STUDENT COEVALUATION GOAL . 

The student plays a major role in evaluating the quality, 
extent and rapidity of . his. learning.. 

AFFECTIVE GOAL 

The student displays informed attitudes toward his study of . 
science, scientific inquiry, and the scientific enterprise. 

INQUIRY GOAL 

The student becomes skillful in using the processes of 
scientific inquiry and is able to carry out inquiries. 



ERIC 



II. 



III. 



IV. 
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Tabic 3 
Learning Resources of IS 
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to the attainment of . . 
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Appendix A 

Explication of the Goals of Individualized Science 



I • Scientific Literacy 

The student acquires a foundQtlon for 
scienfiik /i>eroc/. 

The concern of this goal is to build that solid bose 
of knowledge and understanding of and about 
science which the student will need to function in on 
increasingly complex world. Four components ore 
encompassed in the concept of scientific literacy. 
First, the student should be able to describe his 
observations and experiences with terms drawn 
from a basic vccobulory of science words. A second 
and more fundamental component of scientific 
literacy is the student's understanding of certain 
inoportant and relevant concepts, principles, and 
conceptual schemes of science. A third component 
of scientific literacy concerns the student's realiza- 
tion that scientific ideas change over time and his 
understanding of other key ideas obout the nature 
of scientific inquiry. The fourth component is the 
student's understGnL ing of significant ideas related 
to the sociol aspects of science. The attention given 
to this component in Individualized Science also 
contributes to the program's relevance to the child 
OS a member of society. 

H* Student Self-Direction 

The student views the learning process 
OS primarily je/f-direcfed and $e/f- 
iniiiated. 

This goal emphasizes the student's development 
into o competent and confident independent 
learner. As on independent learner, he is oble 
to select and utilize o suitable leorning environ- 
ment and instructional materials that will lead him 
toward desired knowledge, insight, or satisfaction. 
He is olso able to specify and follow a foiriy long- 
term plan for his own learning. 

O 
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III. Student Coevoluaticn 

The student plays a major role in evof- 
uating the quality, extent, and rapidity 
of his learning. 

As the student develops into on independent (earner, 
evoluotio'n of his learning by a teacher or someone 
else should gradually decrease. The student should 
assume conrinuolly increasing responsibility for 
. judging how well he performs in learning new 
information, ideas, and procedures.. When a student 
has become responsible for evaluating his own 
learning, he will be able to set criteria for the com* 
pletion or mastery of a learning task ond recognize 
that he has completed his task upon meeting these 
criteria. He will also be obie to assess his progress 
on a learning task as. he proceeds, by analyzing 
the difficulties he encounters, revising his approach 
if necessary, and seeking out assistance if needed. 

IV. Affective Goal 

The student displays informed attitudes 
toward his study of science, scientific 
inquiry, and the scientific enterprise. 

The student's attitudes and interests ore the focus of 
ottention under the affective goal. Holding well- 
informed, positive attitudes toward science is rec- 
ognized OS on essential ingredient of on individual's 
ability to live successfully in the contemporary v/otid, 
in the process of developing attitudes, the student 
lecfrns to value science for its contributions to man's 
intellectual growth and to society. He also learns io 
accept the processes of scientific inquiry as a volid 
way to conduct one's thinking. When carrying on 
inquiries or confronting problems, the student odcpts 
the so-called ^'scientific attitudes," which include 
honesty, openmindedness, suspended judgment, 
self-criticism, and commitment to accuracy. 
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Appendix A (continued) 



V. Inquiry 

The sludent becomes skillful in using 
the processes of scienfific inquiry and 
is able to carry out inquiries. 

Student involvement in inquiry end the development 
of skills in using processes of scientific inquiry are 
manifested under thi> goal. Behaviors pertinent 
to inquiry are exhibited by the student both when 
he is investigating natural phenomena or solving 
problems in science, and when he is investigating 
problems outside 'of science. In carrying out an 
inquiry into any given probletti, the student formu- 
lates a plan for his inquiry, designs procedures which 
implement his plan, carries out the indicated proce- 
dures, processes the data obtained, interprets the 
data and observations, and, finoUy, evaluates the 
results of the inquiry in relation to its purpose. 
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Readings In ScUnco 
(RIS) 


to impart infor- 
mation about 
science content 

to illustrate the 
societal rolevanca 
of a unit's scienca 
content 

illustrateU booklet 
containing several 
readinjis; optional 
read-along tapes; 
cotnprchension and 
extension questions 
following most 
readings 

student alone 
didactic 
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visual 
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previa© students 
with opportunities 
to discuss their 
experiences in sci- 
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dents develop sViHa 
in oral expression 
and in using th;2 
language of science 

printed booklet which 
provides directions 
on conducting the 
seminar activity 
(directions vary 
depending on tS 
level) 

group of students 

practice by means of 
nodoling and group 
discussion 

auditory, visual 

Level U 

As studrnts hecoiie 
proficient in coft- ' 
ducting SEM»f, thay 
should increasingly 
supplant the toecher- 
led DGA*s 


O w 

•3 

« -« o 
W o 

o < 
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provides opportunities 
for: (1) teacher- 
studvnt discussion 

(2) student!* to use 
new fcicnce vocab* 
ulary 

(3) ^he teacher to 
assc5S the extent of 
student's attainment 
of science concepts 

printed suggestions^ in 
tlia teacher's manual 
for conductinj! the 
activity which in* 
elude backgroufid 
Inforntation, ques- 
tions, and direc^ 
tions for demonstra- 
tions; manipulative 
materials 

teacher and a small 
group of students 

practice and guided 
discovery by means 
of ni^up discussion 
or ganing 

auditory, visual, 
kinesthetic 

Level A 
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to provide opportun- 
ities for a student to 
engage In a scientific 
investigation of a 
topic of his or her 
own choice 

provides an outline 
for defining the 
problem, the method > 
of Investigation, 
observations to be 
recorded, and inter- 
pretations 

student-teacher plan- 
ning conference; 
execution by a single 
student, a fair of 
students, 01 a small 
group of students 

inquiry 

visual, kinasthatic 
Laval A 


Science Lesrning Gane 

(SLC) 


to provide the student 
^^fiortunltics to 
practice using 
vocabulary, facts, 
skills, and concapts 
learned in otiiisr 
activities 

gancboard, cards, 
dice, markers 

1.W0 or mora students 

practice and guided 
discovery by means 
of gaming 

visual, kioasthatie | 
Level A 
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Appendix C 

Competencies in Student Self-Direction and Co-Evaluation 



evel in iihich 
Competency 
Introduced 



Level A 



Level B 



Level C 



Student Self-Direction 



When given the opportunity to work in 
science, the student obtains his ovn 
folder and proceeds to work according 
to the information in his folder. 

Using his Planning Booklet or Planning 
Sheet, the student identifies the 
activity he is to do and obtains the 
designated materials needed. Upon 
completing the activity, he returns 
the materials to their correct storage 
places. 

Given a cassette and a cassette player 
with headphones, the student inserts 
the cassette into the player, puts on 
tJie headphones, turns on the player, 
starts and stops the tape, adjusts the 
volume, turns off the player, and 
extracts the cassette from the player. 

Given the opportunity to select a 
Student Activity, the student chooses 
one which interests him from among 
those available, and records on the 
rianninn :>ooklct or Planning Sheet the 
code for the activity and the date on 
which he does it. 

Given a situation in which he has no 
prescribed activity or in which a 
prescribed activity cannot he done, the 
student selects an appropriate alter- 
native activity and goes to work in 
that activity. 

Upon his completion of each day's 
activities in science, the student 
writes the date in the appropriate 
spaces on his Plannin);: booklet or 
Planning Sheet for each acti^'.lty as 
a record of what he did that day. 



Student Co-Evaluation 



After completing a self -check page 
(identified by a key around page 
numbers) in a lesson booklet, the 
student compares his answers with 
those on a model page which is com- 
pleted correctly. 



The student corrects liis work on 
selected booklet pages using a key 



After completing a clicck up and 
obtaining a key for it, the student 
compares his completed check up with 
the key, assif.ns point values to 
correct answers, and calculates his 
total points for the check up. 
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Appendix C (continued) 



Level in Which 

Competency 
is Introduced 



Level C 
(continued) 



Level U 



ERLC 



student Self -Direction 



Given an outline of required activities 
in a unit and after obtaining the 
results of his Placenent Test for that 
unit, the student identifies the 
science concepts he has already 
mastered and the concepts not mastered, 
and indicates on his Planning Booklet 
or Planning Sheet those required 
activities he may choose to ^^^o (since 
he has mastery of the related concept) 
and those he must do (due to non- 
mastery of the related concept) . 

Given the list of Miniature Explora- 
tions (MinHx's) available in a unit 
and having examined the MinLx booklets 
and kits I the student chooses the 
flinllx's which he would like to do and 
records his choices in the Planning 
booklet. 

Given the list of Readings in Science 
(RIS's) associated with particular 
MinLx 's, individual lessons, or other 
learning resources in a unit, the 
student selects the RIS which he wants 
to do next and reads it at the appro- 
priate tir^e. 



Given an outline of a unit's activ- 
ities grouped by topic, and after 
obtaining the results of his or her 
Placement Test for the unit, the 
student identifies those topics his 
or her Placement Test results indi- 
cate he or she must study and those 
topics for which the Placement Test 
results indicate a choice. On the 



Student Co -Evaluation 



hliile taking a Placement Test (taken 
before beginning study in a unit) , 
the student elects to answer any 
question for which he knows the answer 
or omits any (question for which he 
does not know the answer.. 

After completing a Placement Test and 
obtaining a key for it, the student 
compares his answers with the key, 
assigns point values to correct 
answers, and calculates his total 
points for the Placement Test. 

In a unit with one or more integrating 
check ups ( i.e. , a check up which ties 
together the content of several 
lessons, readings, and/or other 
activities) , the student participates 
with the teacher in making a decision 
about when he is ready to work on a 
check up. 

In a unit where a unit mastery test or 
activity is available, the student 
participates with the teacher in 
making a decision about when he is * 
ready to attempt the test or activity. 

After correcting any check up he has 
taken or after obtaining the results 
of a unit mastery test or activity, 
the student identifies those topics 
he has not learned satisfactorily and 
participates with the teacher in making- 
a decision about whether or not 
remedial instruction is necessary and, 
if so, what form of remedial instruct ic 
he will take. 

As a part of participation in an 
Alternative Pathway unit, the student 
in a Student-Teacher Conference 
assesses his or her accomplishments 
in the unit and suggests ways in 
which his or her work in the unit 
might have been improved. 
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Appendix C (continued) 



Level in Which 



Competency 
is Introduced 



Level D 
(continued) 



Level L 



ERLC 



Student Self-Direction 



basis of this analysis and his or her 
ovfn interests, the student develops 
an individualized learning plan for 
the unit. The student makes any 
necessary modifications in the plan 
after discussing the plan with the 
teacher. 

Upon completion of the Unit Overview 
for an Alternative Pathway unit, the 
student decides whether or not he or 
she will work in that unit and dis- 
cuss the reasons for the decision in 
a Student -Teacher Conference. 

The student decides which Invitations 
to Lxplore (ITH's) in an Alternative 
Pathway unit he or she will read and 
records his or her choices in the 
Planning Booklet. 

For each ITH selected for study in an 
Alternative Pathway unit, the student 
selects the activities he or she will 
complete and records his or her 
choices in the Planning booklet. 

Upon completion of an individualised 
learning plan for an Alternative 
Pathway unit, the student discusses 
the plan with the teacher and makes 
any necessary modifications in the 
plan that resulted from the conference 

The student takes the responsibility 
for making the necessary arrangements 
for holding a seninar simulation and 
prepares for his or her part in it. 
The student participates effectively 
in the seninar sinulation and carries 
out his or her own responsibilities 
as a seninar rxr.bcr as well as 
facilitating the participation of 
others. 

Given the opportunity to read through 
a Placenent Test, tjie student decides 
whether or not he will attempt the 
test. If the decision is not to take 
the test, he or she informs the 
teacher of this decision and includes 



Student Co-Evaluation 



After coirpleting and correcting a unit 
mastery test and given a list tliat 
relates questions on the test to topics 
considered in the unit, the student 
identifies those topics he or she has 
not learned satisfactorily. 
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Appendix C (continued) 



Level in haich 



Competency 
is Introduced 

Level E 
(continued) 



Student Self-Direction 



learning activities frcn all the 
unit's topics in his or her individ- 
ualized learning plan. 



Student Co-Evaluation 



Upon completion of the analysis of 
a unit nastery test, the student 
uses activities related to the 
topics not learned satisfactorily 
to design a remedial learning plan 
and discusses this plan with the 
teacher. 
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